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PRODUCING SAME 

(57) Abstract 

A semiconductor device (1) compris- 
ing electrodes formed on a semiconductor 
chip (2) and bumps (3) which consist of 
a low melting point metal ball spherically 
formed and having a given size and which 
are adhesive bonded to the electrodes (5). 
The electrodes (5) are formed from an elec- 
trode material of Cu or a Cu alloy, Al or 
an Al alloy, or Au or a Au alloy. When the 
electrode material is composed of Al or an 
Al alloy, the electrodes contain, on the elec- 
trode material layer of Al or an Al alloy, 
at least one layer (6) composed of a metal 
or metal alloy (preferably a metal selected 
from Ti, W, Ni, Cr, Au, Pd, Cu, Pt, Ag, Sn 
or Pb, or an alloy of these metals) having a 
melting point higher than the electrode ma- 
terial. The low melting point metal balls 
(3) are adhesive bonded to the electrodes 
(5) preferably with a flux. The low melt- 
ing point metal balls (3) adhesive bonded 
to the respective electrodes (3) may also be 
reflowed to form semispherical bumps (10) 
before use. 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cote d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


FI 


Finland 


LT 


Lithuania 


FR 


France 


LI) 


Luxembourg 


GA 


Gabon 


LV 


Latvia 


GB 


United Kingdom 


MC 


Monaco 


GE 


Georgia 


MD 


Republic of Moldova 


GH 


Ghana 


MG 


Madagascar 


GN 


Guinea 


MK 


The former Yugoslav 


GR 


Greece 




Republic of Macedonia 


HU 


Hungary 


ML 


Mali 


IE 


Ireland 


MN 


Mongolia 


1L 


Israel 


MR 


Mauritania 


IS 


Iceland 


MW 


Malawi 


IT 


Italy 


MX 


Mexico 


JP 


Japan 


NE 


Niger 


KE 


Kenya 


NL 


Netherlands 


KG 


Kyrgyzstan 


NO 


Norway 


KP 


Democratic People*s 


NZ 


New Zealand 




Republic of Korea 


PL 


Poland 


KR 


Republic of Korea 


PT 


Portugal 


KZ 


Kazakstan 


RO 


Romania 


LC 


Saint Lucia 


RU 


Russian Federation 


LI 


Liechtenstein 


SD 


Sudan 


LK 


Sri Lanka 


SE 


Sweden 


LR 


Liberia 


SG 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



WO 98/09332 



- 1 - 



PCT/JP97/02987 



DESCRIPTION 

cTTMTrnianrTPTnR DEV T^. PROVIDED W TTH T,OW MET.TTNO POINT METAL 
P.TTMPS AND PROCESS FQ P- PRODUCING SAME 

5 Technical Field 

The present invention relates to a semiconductor 
device provided with low melting point metal bumps and a 
process for producing the same. 

10 Background Art 

Semiconductor devices have currently been used widely 
in various fields. The semiconductor devices are usually 
used by mounting them on substrates. The mounting methods 
include bonding methods such as tape automated bonding 
15 (TAB) , wire bonding and flip chip bonding. 

The TAB and wire bonding are technologies by which a 
semiconductor device is mounted on a substrate through 
leads . The leads are arranged in one row per peripheral 
side of the semiconductor device. The technologies are, 
20 therefore, not suited to high density mounting of the 

semiconductor devices. In contrast to the technologies 
mentioned above, flip chip bonding is a technology by 
which the electrodes of a semiconductor device are 
directly connected to the electrode terminals on the 
25 substrate through a bonding metal. Since the electrodes 
of the semiconductor device 'can be provided in a lattice- 
like form on the entire surface, the technology is suited 
to high density mounting. Various solders are generally 
used as bonding metal in flip chip bonding because the 
30 bonding is conducted by melting at low temperature. 

In flip chip bonding, semiconductor devices provided 
with low melting point metal bumps for bonding placed on 
electrodes are used, and the semiconductor devices are 
connected to the electrode terminals of substrates by a 
3 5 ref lowing procedure by which the bumps are melted and 
solidified again. 
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In general, the bumps are formed by vapor deposition 
or plating. However, such bump formation methods must all 
repeat complicated treatments steps using a mask. 
Moreover, in the method of forming the bumps by vapor 
5 deposition, a bump material is deposited on portions where 
the bumps are not to be formed, and the deposition amount 
thereon is very large. The method is, therefore, not a 
preferred one in view of the cost and efficiency. 
Moreover, wet plating such as electroplating or 

10 electroless plating fouls wafers and causes an 

environmental problem, and countermeasures against such 
problems are indispensable. As illustrated above, 
conventional methods for forming the bumps are relatively 
costly, and practical use. of the methods is restricted. 

15 There is a stud bump procedure as a method for 

forming bumps other than vapor deposition and plating. 
Since bumps are formed one by one in the procedure, the 
production efficiency is low, and in addition the bump 
amount tends to vary among the bumps. Accordingly, 

20 securing uniformity in bonding the semiconductor devices 
and the substrates is difficult. 

Disclosure of the Invention 

An object of the present invention is to provide a 
2 5 semiconductor device provided with low melting point metal 
bumps of high quality and capable of being mounted on a 
substrate by flip chip bonding, and a process for 
producing the same. 

The semiconductor device of the present invention 
30 comprises electrodes formed on a semiconductor chip, and 
is provided with bumps each consisting of a low melting 
point metal ball which is spherically formed and has a 
given size, and adhesive bonded to the electrodes. 

The low melting point metal balls are preferably 
35 adhesive bonded to the respective electrodes with a flux. 
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The electrodes on the semiconductor chip are 
preferably formed from an electrode material of Cu or a Cu 
alloy, Al or an Al alloy, or Au or a Au alloy. 

When the electrode material is Al or an Al alloy, at 
least one layer of a metal or a metal alloy having a 
melting point higher than the electrode material is 
preferably laminated to the layer formed from the 
electrode material . 

The laminated layers are preferably formed from a 
metal selected from Ti, W, Ni, Cr, Au, Pd, Cu, Pt, Ag, Sn 
and Pb, or an alloy of these metals. 

It is preferred that, of the layers laminated to the 
electrode material layer, the layer contacted with the 
electrode material layer be formed from Ti, W, Ni, Cr, Pd, 
Cu or Pt, or an alloy of these metals, and that the layer 
contacted with the low melting point metal ball be formed 
from Ni, Au, Pd, Cu, Pt, Ag, Sn or Pb, or an alloy of 

these metals. 

The process for producing a. semiconductor device 
according to the present invention is a process for 
producing a semiconductor device having electrodes formed 
on a semiconductor chip, and provided with bumps which 
consist of low melting point metal balls each being formed 
spherically and having a given size, and which are 
25 adhesive bonded to the respective electrodes, and is 

characterized by the low melting point -metal balls being 
adhesive bonded and fixed to the respective electrodes 
with a flux. 

The flux is preferably applied to the electrodes. 

30 On another aspect of the present invention, the 

process for producing a semiconductor device according to 
the present invention is a process for producing a 
semiconductor device provided with low melting point metal 
bumps on the electrodes on a semiconductor chip, the 

35 process comprising the steps of: 
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adhesive bonding low melting point metal balls 
each being spherically formed and having a given size to 
the respective electrodes, and 

ref lowing the low melting point metal balls. 
5 The low melting point metal balls are preferably 

adhesive bonded to the respective electrodes with a flux. 
The flux is preferably applied to the electrodes. 

Brief Description of the Drawings 

Fig. 1 is a perspective view illustrating a 
semiconductor device of the present invention. 

Fig. 2 is a view illustrating an electrode in the 
semiconductor device of the present invention. 

Fig. 3 is a view illustrating a semispherical bump of 
the semiconductor device of the present invention which 
bump is formed by ref lowing a low melting point metal 
ball. 

Figs. 4A to 4D are views illustrating a process for 
producing the semiconductor device of the present 
invention. 

Fig. 5 is a view illustrating a bump of a solder ball 
directly formed on a chip electrode of a single material. 

Figs. 6A and 6B are views illustrating a preferred 
method for adhesive bonding low melting point metal balls 
to the respective electrodes . 

Best Mode for Carrying Out the Invention 

Fig. 1 shows a semiconductor device 1 of the present 
invention. The semiconductor device 1 is provided with 
30 low melting point metal ball bumps 3 adhesive bonded onto 
the electrodes (not shown) formed on a surface of a 
semiconductor chip 2 . 

The low melting metal balls 3 can be formed from one 
of the various solders used for mounting a semiconductor 
35 device on a substrate. Examples of the solders include 
solders of Sn alloys such as a Sn-Pb alloy and a Sn-Ag 
alloy and solders of Pb alloys such as a Pb-In alloy. 
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The electrodes to which the bumps 3 of low melting 
point metal balls are adhesive bonded can be formed from 
an electrode material of Cu or a Cu alloy, Al or an Al 
alloy, or Au or a Au alloy. In the semiconductor device 
5 of the present invention, an electrode having a surface 
area of 900 to 22,500 \lm is preferably used. That is, 
when a square electrode is used, one of the sides of the 
electrode has a dimension of 30 to 150 |im. 

When the electrode material is Al or an Al alloy, 

10 connecting solder balls (the term solder balls designates 
low melting metal balls hereinafter and is used below) to 
an electrode by reflowing deteriorates the bonding between 
the solder balls and the electrode. When Al or an Al 
alloy is used as an electrode material, at least one layer 

15 of a metal or an alloy of the metal having a melting point 
higher than the electrode material is laminated to the 
layer formed of the electrode material to avoid the 
deterioration. A typical example of the material used as 
the material therefor is a metal selected from Ti, W, Ni, 

20 Cr, Au, Pd, Cu, Pt, Ag, Sn and Pb, or an alloy of these 

metals. Of these substances, Ti, W, Ni , Cr, Pd, Cu or Pt, 
or an alloy of these metals is particularly effective in 
bonding between the material and the layer formed from Al 
or its alloy. Accordingly, any of the above metals or an 

2 5 alloy of these metals is preferably used as a layer 

contacted with the layer of Al or its alloy. Moreover, a 
solder generally shows good wettability with Ni, Au, Pd, 
Cu, Pt, Ag, Sn or Pb, or an alloy of these metals. Of 
layers laminated to the electrode material layer of Al or 

3 0 an Al alloy, the layer contacted with the solder ball is, 

therefore, preferably formed from these materials. 

As explained above, when Al or an Al alloy is used, 
the electrode has a multilayered structure as illustrated 
in Fig. 2. In Fig. 2, an electrode 8 is formed as a 
3 5 laminated structure including a first layer 5 made of Al 

(or an Al alloy) on a surface of a semiconductor chip 2, a 
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second layer 6 made of Cr on the first layer, and a third 
layer 7 made of Cu on the second layer. 

In addition to the laminated structure successively 
having from the semiconductor chip side an Al (or Al 
5 alloy) layer, a Cr layer and a Cu layer (such a laminated 
structure being represented as Al/Cr/Cu hereinafter) as 
illustrated in Fig. 2, examples of the laminated structure 
of the electrode in which Al or its alloy is used as an 
electrode material may include Al/Ni, Al/Ni/Au, 

10 Al/Ni/Cu/Au, Al/Cr/Cu/Au, Al/Ti/Cu/Au, Al/Ti/TiW 
(alloy) /Cu/Au, Al/TiW (alloy) /Cu/Au, Al/Cr/Ni/Pd, 
Al/Pd/Au, Al/Ni/Sn, Al/Cr/Cu/Pd and Al/Cr/Pt. It is 
needless to say that effective electrode laminated 
structures are not limited to the structures mentioned 

15 above in the semiconductor device of the present 
invention. 

A flux is preferably used for adhesive bonding the 
solder ball to the electrode. Any of the fluxes generally 
used in producing semiconductor devices may be used. 
20 Although the flux may be applied to either the solder ball 
or the electrode surface, it is preferably applied to the 
electrode surface. Standard methods such as screen 
printing may be utilized for the method for applying the 
flux to the electrode surface. 

2 5 When the semiconductor device of the present 

invention is flip chip bonded to a substrate, the solder 
ball bumps may be made to face the respective electrode 
terminals of the substrate, positioned, and contacted 
therewith, followed by ref lowing the bumps. Such a 

3 0 procedure of flip chip bonding has been widely known, and 

it is needless to explain in detail. 

The semiconductor device of the present invention may 
be flip chip bonded to the substrate after the solder 
balls are ref lowed once to form semispherical bumps. Fig. 
3 5 3 shows an example of a semispherical bump. The 

semispherical bump 10 in Fig. 3 is formed by ref lowing the 
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solder ball bump 3 adhesive bonded to the laminated 
electrode 8 having been explained in Fig. 2. 

in addition, the bump 10 in Fig. 3 formed by 
reflowing a solder ball is herein described as 
semispherical. The term is mainly based on the 
longitudinal sectional shape of the bump subsequent to 
reflowing as shown in Fig. 3. Electrodes on semiconductor 
chips have various shapes such as a circular shape, a 
square shape and other arbitrary shapes. For example, a 
bump formed by reflowing a solder ball on a square 
electrode has a semispherical longitudinal sectional shape 
as seen in Fig. 3. However, since the molten solder wets 
the entire square electrode surface and then solidifies, 
the shape viewed from above (transverse sectional shape) 
is not a circle but a square or a shape close to a square. 
Accordingly, it should be noted that the semispherical 
bump herein termed includes not only a bump appearing to 
have a circular cross sectional shape when viewed from 
above after reflowing but also a bump having an arbitrary 
transverse cross sectional shape reflecting the electrode 
shape under the bump. That is, "a semispherical bump" 
herein designates all sorts of bumps formed by reflowing 
solder balls adhesive bonded to electrodes having an 

arbitrary shape. 
2 5 In order to appropriately form a semispherical bump 

on an electrode by reflowing a solder ball, the radius R 
of the solder ball to be adhesive bonded to the electrode 
is desirably selected so that the equation 

0 .4>/a < R < 2Va 
wherein A is the surface area of the electrode, is 
satisfied. When the radius R of the solder ball is less 
than 0.4VK, the amount of the solder becomes insufficient, 
and formation of a good semispherical bump subsequent to 
reflowing becomes difficult. When the radius R of the 
solder ball exceeds 2>£, the semispherical bump becomes 
large compared with the size of the electrode. 
Consequently, the bonded portion between the electrode and 
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the bump is subjected to stress concentration, and tends 

to be fractured. 

When an electrode having a surface area of 900 to 
22,500 um 2 is used in the semiconductor device of the 
present invention, a preferred radius R of the solder ball 
derived from the above equation is from 12 to 300 um. 

An example of the production of a semiconductor 
device in the present invention will be explained by 
making reference to Fig. 4. 

As shown in Fig. 4A, a 100 x 100 um electrode 42 1.0 
um thick of an Al alloy (Al-Si-Cu alloy) is formed on a 
semiconductor chip 41 by sputtering. The reference 
numeral 43 in the figure designates a passivation film 
which compartments the electrode thus formed. Next, a 
15 metal layer 44 of Ni and a metal layer 45 of Cu each 

having a thickness of 80 nm are successively laminated to 
the chip electrode 42 by sputtering, as shown in Fig. 4B. 

What is explained above is about the step for forming 
a substrate on which a low melting point metal bump is to 
be formed. Next, as shown in Fig. 4C, a solder ball 46 of 
Pb-Sn alloy having a diameter of 80 um is adhesive bonded 
to the Cu metal layer 45. At the time of adhesive bonding 
the solder ball, the surface of the metal layer 45 is 
first coated with a flux (not shown) by screen printing, 
in cases where, for example, the solder ball placed on the 
electrode is subsequently to be reflowed in a reducing 
atmosphere, coating the metal layer 45 with the flux may 
be omitted. The solder ball 46 is then adhesive bonded to 
the flux. A preferred method for adhesive bonding the 
solder ball to the electrode will be explained later. 

The semiconductor device of the present invention 
thus prepared can be flip chip bonded to a substrate by 
making the solder ball bumps face the respective 
corresponding electrode terminals of the substrate, 
positioning the bumps, contacting the bumps with the 
respective electrode terminals thereof, and ref lowing the 
bumps . 
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The semiconductor device of the present invention 
provided with the bumps of solder balls 46 as shown in 
Fig. 4C may also be flip chip bonded to the substrate 
after forming semispherical bumps 47 by reflowing the 
5 solder balls once as shown in Fig. 4D. 

Since an Al alloy is used as an electrode material in 
the above example, the Ni layer and the Cu layer are 
laminated to the Al alloy layer so as to firmly bond the 
semiconductor device to the substrate by the solder bump. 

10 However, when the electrode material is neither Al nor Al 
alloy, for example, when the electrode material is Cu or a 
Cu alloy, or Au or a Au alloy, the substrate (one or more 
metal (or alloy) layers on the electrode material layer) 
for forming low melting point metal bumps is not required 

15 to be formed. Accordingly, as shown in Fig. 5, a bump of 
a solder ball 53 can be directly formed on an electrode 52 
of a semiconductor chip 51. The solder ball bump may also 
be ref lowed once to be formed into a semispherical bump, 
which is thereafter used for flip chip bonding. 

2 0 Another example will now be described, in which 

solder ball bumps having a diameter of 150 [im are formed 
on an electrode having a diameter of 50 [im. In this case, 
Cr, Cu, and Au layers are successively superposed by 
sputtering process on an electrode of Al-Cu alloy having a 
25 diameter of 50 \im and a thickness of 1 . 0 Jim, the 

superposed Cr, Cu, and Au layers having a thickness of 
80 nm, 80 nm, and 30 nm, respectively, and a diameter 
which is the same as or somewhat larger than the diameter 
of the electrode. The surface of the Au layer is then 

3 0 coated with a flux, on which a solder ball of Pb-Sn alloy 

having a diameter of 150 Jim is adhesive bonded. Shear 
test carried out for semispherical bumps formed by 
reflowing the solder balls revealed that all fractures 
occurred in the solder balls, and no fracture was observed 
3 5 at the bonded portions between the bumps and electrodes. 

Next, a preferred method for adhesive bonding the 
solder balls to the electrodes will be explained. At 
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present, an explanation will be made of adhesive bonding 
the solder balls to not electrodes each having a 
multilayered structure but electrodes each composed of a 
single material as explained in Fig. 5. 
5 As shown in Fig. 6A, a vibration at a small amplitude 

is applied to a vessel 60 containing the solder balls 53 
to cause the solder balls 53 to jump up. The solder balls 
53 are then arranged and held on an arrangement base plate 
63 by attracting the jumping up solder balls 53 to 

10 attraction openings 61 (attracting mechanism for 

attracting the solder balls being not shown) provided in 
the arrangement base plate 63 in positions corresponding 
to positions of the electrodes of the semiconductor chip 
to which the solder balls 53 are to be adhesive bonded. • 

15 During attracting and arranging the solder balls, excess 
solder balls 53 ' adhere to portions of the arrangement 
base plate 63 other than the attraction openings 61, or 
other excess solder balls 53" adhere to the solder balls 
53 attracted to the attraction openings 61, as shown in 

20 Fig. 6A. The excess solder balls 53', 53" are, therefore, 
removed. To achieve the removal, arbitrary procedures may 
be utilized. For example, excess solder balls 53', 53" 
can be preferably removed by applying an ultrasonic 
vibration to the arrangement base plate 63 in the 

2 5 horizontal direction. Although only two attraction 

openings 61 are shown in the attraction base plate 63 in 
Fig. 6A for the sake of simplicity, it should be noted 
that the actual arrangement base plate has the attraction 
openings the number of which is the same as that of the 

3 0 solder balls to be adhesive bonded to the electrodes of 

the semiconductor chip. 

Next, as shown in Fig. 6B, the arrangement base plate 
63 holding the solder balls 53 in predetermined positions 
is moved above the semiconductor chip 51 so that the 
35 solder balls 53 are properly positioned with respect to 

the respective electrodes 52 of the semiconductor chip 51. 
The arrangement base plate 63 is then moved downward so 
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that the solder balls 53 are contacted with the respective 
electrodes 52. After the contact, attracting the solder 
balls 53 to the arrangement base plate 63 is stopped (by 
stopping the attraction mechanism) , and the arrangement 
base plate 63 is moved upward. 

When the surface of the electrodes 52 is coated with 
a flux (not shown in the figure) , the solder balls 53 are 
adhesive bonded to the electrodes due to the adhesion 
thereof. When the surface of the electrodes 52 is not 
coated with a flux, semi spherical bumps adhesive bonded to 
the respective electrodes 52 can be formed by, for 
example, ref lowing the solder balls 53 in a reducing 
atmosphere, as referred to above. 

Since solder bumps can simultaneously be adhesive 
15 bonded to a large number of the respective electrodes of a 
semiconductor chip by the process as explained above, the 
process is very advantageous to the production of the 
semiconductor device of the present invention. 

In general, a large number of semiconductor chips are 
20 formed on one wafer, and separated by cutting to give 

individual chips. The process as mentioned above may also 
be applied to a plurality of semiconductor chips prior to 
separation of them from the wafer by cutting, or. it may be 
applied to individual semiconductor chips subsequently to 
25 separation of them therefrom. It is evident from what has 
been explained above that the semiconductor chip in the 
present invention includes not only a separated individual 
semiconductor chip but also a plurality of semiconductor 
chips in a state of being produced on one wafer. 
30 It i s evident from what has been explained above that 

the semiconductor device of the present invention is 
provided with low melting point metal ball bumps directly 
adhesive bonded to the respective electrodes formed on a 
semiconductor chip. The bumps can be made of high quality 
3 5 by making the size of the metal balls uniform. The metal 
balls are not formed on the electrodes of the 
semiconductor chip by a procedure such as plating or vapor 
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deposition in conventional processes, but can be adhesive 
bonded to the electrodes. Accordingly, the semiconductor 
device of the present invention can be produced without a 
mask, and without fear of environmental pollution. 

Furthermore, the amount of bumps can be easily and 
highly accurately controlled by adjusting the size of the 
low melting point metal balls, to enhance reliability of 
bumps . 



10 Industrial Applicability 

The present invention can be advantageously applied 
to flip chip bonding which makes possible high density 
mounting of a semiconductor device on a substrate. 
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CLAIMS 

1. A semiconductor device comprising electrodes 
formed on a semiconductor chip, and bumps each consisting 
of a spherically formed low melting point metal ball 

5 having a given size, and adhesive bonded to the 
electrodes . 

2. The semiconductor device according to claim 1, 
wherein the low melting metal balls are adhesive bonded to 
the electrodes with a flux. 

10 3- The semiconductor device according to claim 1 or 

2, wherein the electrodes are formed from an electrode 
material of Cu or a Cu alloy, Al or an Al alloy, or Au or 
a Au alloy. 

4. The semiconductor device according to claim 3, 
15 wherein the electrodes each comprise a layer of an 

electrode material composed of Al or an Al alloy, and at 
least one metal layer or metal alloy layer laminated to 
the electrode material layer and having a melting point 
higher than the electrode material. 

5. The semiconductor device according to claim 4, 
wherein the at least one layer laminated to the electrode 
material layer is formed from a metal selected from Ti, W. 
Ni, Cr, Au, Pd, Cu, Pt, Ag, Sn or Pb or an alloy of these 
metals . 

6. The semiconductor device according to claim 5, 
wherein the at least one layer laminated to the electrode 
material and contacted with the electrode material layer 
is formed from Ti, W, Ni , Cr, Pd, Cu or Pt, or an alloy of 
these metals, and the at least one layer farthest from the 

30 electrode material layer contacted with the low melting 

point metal ball is formed from Ni , Au, Pd, Cu, Pt, Ag, Sn 
or Pb, or an alloy of these metals. 

7 . A process for producing a semiconductor device 
comprising electrodes formed on a semiconductor chip, and 

35 bumps each consisting of a low melting point metal ball 
spherically formed, having a given size and adhesive 
bonded to the electrodes, the process comprising adhesive 
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bonding the low melting point metal balls to the 
electrodes with a flux. 

8. The process according to claim 7 , wherein the 
flux is applied to the electrodes. 
5 9. The process according to claim 7 or 8 , wherein 

the low melting point metal balls are adhesive bonded to 
the electrodes by a process comprising the steps of: 

applying a vibration at a small amplitude 
to a vessel containing the low melting point metal balls 
10 to cause the low melting point metal balls to jump up; 

arranging and holding the low melting point 
metal balls on an arrangement base plate by attracting the 
jumping up low melting point metal balls to attraction 
openings provided in the arrangement base plate in 
15 positions corresponding to the electrodes of the 

semiconductor chip to which the low melting point metal 
balls are to be adhesive bonded; 

removing excess low melting point metal 
balls adhering either to the arrangement base plate or to 
2 0 the low melting point metal balls attracted to the 
attraction openings; and 

simultaneously contacting the low melting 
point metal balls held and arranged on the arrangement 
base plate with the electrodes of the semiconductor chip. 
25 10. A process for producing a semiconductor device 

provided with low melting point metal bumps on a 
semiconductor chip, the process comprising the steps of: 
adhesive bonding low melting point metal balls 
each being spherically formed and having a given size to 
30 the electrodes, and 

ref lowing, the low melting point metal balls. 
11. The process according to claim 10, wherein the 
low melting point metal balls are adhesive bonded to the 
respective electrodes with a flux. 
35 12. The process according to claim 11, wherein the 

flux is applied to the electrodes. 
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13. The process according to any one of claims 10 to 
12, wherein the low melting point metal balls are adhesive 
bonded to the electrodes by a process comprising the steps 
of: 

5 applying a vibration at a small amplitude 

to a vessel containing the low melting point metal balls 
to cause the low melting point metal balls to jump up; 

arranging and holding the low melting point 
metal balls on an arrangement base plate by attracting the 

10 jumping up low melting point metal balls to attraction 
openings provided in the arrangement base plate in 
positions corresponding to the electrodes of the 
semiconductor chip to which the low melting point metal 
balls are to be adhesive bonded; 

-^5 removing excess low melting point metal 

balls adhering either to the arrangement base plate or to 
the low melting point metal balls attracted to the 
attraction openings; and 

simultaneously contacting the low melting 

20 point metal balls held and arranged on the arrangement 

base plate with the electrodes of the semiconductor chip. 

14. A semiconductor device produced by the process 
according to any one of claims 7 to 9, and provided with 
bumps consisting of low melting point metal balls and 

25 adhesive bonded to the respective electrodes of a 
semiconductor chip. 

15. A semiconductor device produced by the process 
according to any one of claims 10 to 13, and provided with 
bumps consisting of low melting point metal on the 

3 0 electrodes of a semiconductor chip. 
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Novelty (N) Yes: Claims 3-6, 9, 13 

No: Claims 1,2,7,8,10-12,14,15 

Inventive step (IS) Yes: Claims 

No: Claims 1-15 

Industrial applicability (IA) Yes: Claims 1-15 

No: Claims 



2. Citations and explanations 
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Section V 

1 . Reference is made to the following documents: 

D1: PATENT ABSTRACTS OF JAPAN vol. 095, no. 003, 28 April 1995; & JP 06 

333930 A (OKI ELECTRIC IND CO LTD), 2 December 1994. 

D2: PATENT ABSTRACTS OF JAPAN vol. 008, no. 281 (E-286), 21 December 

1984 & JP 59 148352 A (SEIKO DENSHI KOGYO KK), 25 August 1984*. 

D3: PATENT ABSTRACTS OF JAPAN vol. 015. no. 046 (E-1029), 4 February 

1991; & JP 02 278831 A (FUJITSU LTD), 15 November 1990*. 

D4: PATENT ABSTRACTS OF JAPAN vol. 015, no. 082 (E-1038), 26 February 

1991; & JP 02 299288 A (FUJITSU LTD), 1 1 December 1990. 

D5: PATENT ABSTRACTS OF JAPAN vol. 096, no. 009, 30 September 1996; & 

JP 08 1 18005 A (MATSUSHITA ELECTRIC IND CO LTD), 14 May 1996. 

D6: PATENT ABSTRACTS OF JAPAN vol. 097, no. 007, 31 July 1997; & JP 09 

082719 A (NIPPON STEEL CORP), 28 March 1997. 

'Copies of the JP-A documents are annexed. 

2. The present application does not meet the requirements of Article 33(2) PCT, 
because, insofar as it is clear (see Section VIII), the subject-matter of claims 1 , 2, 
7, 8, 10-12, 14 and 15 is not new. 

2. 1 The semiconductor device, and method for manufacture thereof, known from D1 
comprises electrodes (2) formed on a semiconductor chip (1), and bumps (6) 
each consisting of a spherically formed low melting point metal ball having a given 
size and being adhesively bonded to the electrodes via flux (7), the latter being 
applied to the electrodes (re. claims 1, 2, 7, 8, 14). 

It can be assumed that the solder balls (6) in the known method are subjected to a 
reflow process (re. claims 10-12, 15). 

3. Dependent claims 3-6, 9 and 1 3 comprise features which are not found in 
combination in any single prior art document such that these claims comprise 
subject-matter which is novel (Article 33(2) PCT), however these claims do not 
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contain any features which, in combination with the features of any claim to which 
they refer, meet the requirements of the PCT in respect of inventive step (Article 
33(3) PCT), the reasons being as follows: 

3.1 A semiconductor element is known from D2 having an Al wiring (3) formed on the 
surface thereof and exposed as a wiring terminal part; a Cu film (5) is formed on 
the exposed part of the Al wiring (3) and a Cu film is formed as the barrier layer 
(6). A solder ball (8) is applied to the barrier layer (6). According to the JP-A 
document (see page 244, references to the figures 1, 2), it appears that the initial 
metal layer on the Al wiring layer may be Cr. 

Therefore the additional features of dependent claims 3-6 are known from D2; it 
would be a matter of routine for the skilled person to use the metals known from 
D2 in the semiconductor device known from D1. 

3.2 The process for applying the low melting point metal balls to an electrode on an 
insulating substrate for a semiconductor device known from D3 has the steps of: 
levitating the metal balls (4) from a vessel containing them; 

arranging and holding the metal balls on a base plate (1 1 , 17), the latter having 
openings (11a, 17a) in positions corresponding to the electrodes (2) of the 
insulating substrate to which the metal balls (4) are to be bonded; 
removing excess metal balls (inherent in D3); 

contacting the metal balls with the electrodes of the insulating substrate. 

Consequently the subject matter of dependent claims 9 and 13 is obvious to the 
skilled person starting from D3 and realising that bumps can be formed on a 
semiconductor chip by the method of D3, the additional step of applying a flux to 
the electrode per se being normal in the art, see D1 , D4, or D5. 

4. Although it relates to a circuit board, not to a semiconductor chip, document D4 
anticipates claims 1, 2, 7, 8, 10-12, 14 and 15. Document D5 is novelty destroying 
for claims 1 , 2, 7, 8, 1 0, 1 1 , 1 4 and 1 5, it being clear that there is a layer of flux 
provide between the electrode (2a) and the solder ball (3), see lower figure of 
abstract. 
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Section VI 

Notwithstanding that the priority of the following document and of the present 
application have not been checked, a copy of the latter not being available to the 
I PEA, the document D6 appears to be relevant for the purposes of novelty in 
respect of claims 1, 2, 7, 8, 10-12, 14 and 15. 

Section VII 

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the documents D1-D5 is not mentioned in the description, nor are 
these documents identified therein. 

2. The independent claims are not in the two-part form in accordance with Rule 
6.3(b) PCT, which in the present case would be appropriate, with those features 
known in combination from the prior art being placed in a preamble (Rule 6.3(b)(i) 
PCT) and with the remaining features being included in a characterising part (Rule 
6.3(b)(ii) PCT). 

Section VIII 

1 . The various definitions of the invention given in independent claims 7 and 10 are 
such that the claims as a whole are not concise, contrary to Article 84 EPC. The 
plurality of independent claims makes it difficult, if not impossible, to determine the 
matter for which protection is sought, and places an undue burden on others 
seeking to establish the extent of the protection. The claims should be recast to 
include only the minimum necessary number of independent claims in any one 
category, Rule 29(2) EPC, with dependent claims as appropriate, Rule 29(4) EPC. 

2. The term "spherically formed" in claim 1 may raise doubt as to whether this should 
mean that the ball is spherical in the final product or whether this is reference to a 
method step; the final ball does not appear to be spherical in Figures 3 and 4. 

3. Claims 14 and 15 are unclear since they are formulated as a product-by-process. 
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Claims directed to products defined by their method of manufacture are only 
allowable if the products as such fulfill the requirements for patentability and the 
application contains no other disclosure that could enable the applicant to 
adequately define the product by virtue of its composition, structure or some other 
testable parameter (cf Headnote II, T 150/82, OJ EPO, 1984, 309). The products 
as such must, for patentability to be acknowledged, be in themselves new and 
inventive. The definitive in terms of the method step is not considered to be 
restrictive. 
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